Age-related changes may impair performance of the posterior trunk muscles, including the lumbar multifi di, 1 which are often considered critical, dynamic spinal stabilizers. 2 , 3 Strength and endurance, attributes of trunk muscles, have been associated with balance and mobility in older adults. 4 Specifi cally, reduction in posterior trunk strength has been associated with stooping, crouching, and kneeling diffi culty among older individuals. 5 For individuals with and without chronic low back pain (CLBP), posterior trunk muscle crosssectional area (CSA) has been shown to be a powerful indicator of isokinetic trunk muscle strength. 6 , 7 Furthermore, spinal stabilization exercise programs have been shown to improve multifi di CSA, decrease pain, and improve function. 8 , 9 In the presence of increased age 10 , 11 and low back pain, 12-14 decreased trunk muscle CSA has been reported. Given the importance of trunk muscles for daily function among older adults, it is critical that we identify valid and reliable methods to clinically evaluate trunk muscles in our older adult patients, particularly those with low back pain.
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Magnetic resonance imaging (MRI) is considered the criterion standard for assessment of posterior trunk muscle CSA. 11 , 15 Magnetic resonance imaging offers excellent delineation of anatomical structures, including clear differentiation of tissues. Unfortunately, space requirements, acquisition time, and the cost of MRI preclude its use in everyday clinical practice. Ultrasound (US) imaging may provide an alternative for muscle assessment in point-ofcare practice. 16 , 17 Like MRI, US is noninvasive, does not use ionizing radiation, and allows imaging in multiple planes. Unlike other imaging techniques, such as MRI and computed tomography, US has no known adverse biological effects on human tissues or artifi cial implants. 17 Ultrasound may be an option for individuals with claustrophobia or comorbidities that preclude other imaging techniques and may allow assessment of muscles at rest and while contracted. 18 Unfortunately, US has one major limitation with respect to muscle assessment (ie, it does not allow defi nitive delineation of intramuscular fat from connective tissue surrounding muscles).
When compared with MRI, US has been shown to be valid 19 for assessing lumbar multifi di CSA in younger, asymptomatic individuals. To date, there are no studies validating US for multifi di CSA assessment in older adults or individuals with low back pain. Establishing criterion validity for US in older adults with and without low back pain may allow clinicians to utilize multifi di CSA assessments in geriatric clinical practice.
US measurement techniques for younger populations rely on the ability to differentiate bone and fascia from adjacent muscle tissue. 20 Hyperechoic bone and fascia result in refl ections that are bright white, whereas hypoechoic, young muscle appears dark with few shades of gray. 21 The contrast in echogenicity enables differentiation of tissues. In the trunk, US assessments of lumbar multifi dus CSA can be performed on a unilateral transverse image ( Figure 1 ). The superfi cial CSA border is thoracolumbar fascia, whereas the deep border is bone; 22 both are hyperechoic and easily distinguished from the adjacent muscle. The lateral CSA border is the multifidus fascial line (ie, a thin layer of connective tissue often diffi cult to discern from the multifi dus and longissimus muscles, even in younger populations). 22 Older adult muscle, containing increased intramuscular fat secondary to age-related changes, may further challenge detection of the lateral border because US has limitations with respect to clearly differentiating intramuscular fat from connective tissue. Because of the association of increased intramuscular fat with low back pain, 11 , 23 determination of lateral borders may be even more diffi cult in older adults with low back pain than in pain-free, older adults. In summary, prior research among younger adults 19 should not be generalized to older adults, particularly those with low back pain; validation of US in older adult populations is needed.
The primary objective of this study was to evaluate the criterion validity of US for the assessment of multifi di CSA as compared with MRI in older adults with and without CLBP. We hypothesized that regardless of the low back pain status there would be excellent agreement between US and MRI CSA measurements of the L4 multifi di. We speculated that agreement would be lower among older adults with CLBP because of greater intramuscular fat affecting muscle border delineation. The secondary objective was to determine whether a single US image is valid for assessment of L4 multifi di CSA or whether the average of 3 US images should be recommended.
METHODS

Data Collection
Sample size was determined on the basis of previous work by Hides et al, 19 which demonstrated validity of US for multifi di CSA among 10 younger, healthy adults. Twenty community-dwelling older adults (i.e. 10 with and 10 without CLBP), defi ned as low back pain of at least 3 months' duration, ages 60 to 85 years, participated. Individuals were randomly selected from a larger clinical trial that predominantly recruited through print advertisement between 
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May 2009 and December 2011. Individuals were excluded if they had a history of low back surgery, had experienced a recent traumatic event, or had a neurological disorder or a terminal illness. This study was approved by the Institutional Review Board for Human Subjects Research at the University of Delaware; individuals signed an informed consent and their rights were protected throughout the study.
Ultrasound
Participants completed a demographic questionnaire and height and weight were measured before US. Images of the L4 multifi dus were obtained using a Mylab 25 portable ultrasonography unit (Esaote North America, Inc, Indianapolis, Indiana), brightness mode, and a 3.5-7.0-MHz curvilinear transducer in a clinical research laboratory. 22 , 24-27 Transducer location was established using palpation and US verifi cation using the sacrum as a reference point. [26] [27] [28] [29] Images were obtained with participants positioned prone with less than 5 ° of trunk extension as measured with an inclinometer placed at the L4/5 interspinous space. 26 , 27 , 30 Six unilateral US images were taken (ie, 3 right-and 3 left-sided images). 19 , 20 , 31 Images were independent of one another, as the examiner removed the transducer from the skin after each image was captured. Image acquisition order was randomized to control for systematic order effect. Images were obtained by a single examiner with US training in basic principles, recognition of artifacts, parameter selection, participant screening, and prudent use, as well as, in-depth anatomy education that included dissection of the lumbar spine.
Magnetic resonance imaging
Magnetic resonance imaging was completed within 10 days after US. All participants underwent an MRI safety screen before being positioned supine with a pillow under their knees in the scanner. 32 Magnetic resonance imaging was performed using a 1.5-T scanner (Siemens MAGNETOM Espree, Malvern, Pennsylvania) with a spine coil that produced 25, 2D, T1-weighted, spin-echo, sequenced images in the axial plane at levels L1 through S1 (repetition time/ echo time = 879/13 ms; fi eld of view = 230 × 230 mm; encoding matrix = 480 × 640; phase-encoding direction = anterior to posterior; bandwidth = 180; fl ip angle = 150 ° ). Images were 5-mm thick with a 1.5-mm interval between slices. An anterior saturation band was applied to suppress motion artifact.
Data Processing and Analysis
After being converted to jpeg fi les, US and MRI images were processed using ImageJ Software (National Institutes of Health, Bethesda, Maryland) by the same examiner who performed US. This examiner had completed 1 year of postdoctoral studies in MRI. Using sagittal scouts, L4 MRI slices were included only if the entire scout line on the sagittal image was anterior to posterior through the L4 vertebral body. MRI measurements were performed once per each axial image. After scaling US and MRI images in ImageJ, right and left CSA-blinded measurements of the multifi di were taken ( Figures 1 and 2 ). All US measurements were taken and then all MRI measurements were taken 1 month later; participant measurement order was randomized but examiners were not blinded to low back pain status.
Statistical analyses were performed using GraphPad Software, Inc (La Jolla, California) and IBM SPSS Statistics 21 (SPSS, Inc, Chicago, Illinois). Fisher exact and independent t tests were used for between-group demographic and anthropometric comparisons ( α < 0.05). Two-way intraclass correlation coeffi cients (ICCs) with 95% confi dence intervals (CIs) were used to estimate agreement between measures obtained from a single US image as compared with MRI images (model 3,1) and the average of 3 US images as compared to MRI images (model 3,3). On the basis of proposed ICC cut-offs by Fleiss, ICCs more than 0.75 were considered excellent, 0.40 to 0.75 were considered fair to good, and less than 0.40 were considered poor; 33 95% CIs were considered during interpretation of the results. In addition, independent t tests were used to evaluate for differences in CSA assessment between MRI and (1) a single US image and (2) the average of 3 US images for each participant group ( α < 0.05).
RESULTS
There were no signifi cant differences in sex, age, or body anthropometrics between participants with and without CLBP ( Table 1 ; P > .05). Average multifi di CSAs for each group are provided for MRI and US in Table 2 . ICC point estimates and 95% CIs between MRI and US for L4 multifi di CSA assessment are provided in Table 3 . With respect to using a single US image, although ICC point estimates were good to excellent for older adults with CLBP, point estimates were lower for older adults without CLBP. For Research Report both participant groups, there were no signifi cant differences between CSA measurements of a single US image when compared with MRI images ( P > .05). Agreements for the average of 3 US images for both groups were better than for single images with narrow 95% CIs exceeding 0.75. Agreements for CSA assessment of the average of 3 US images as compared with MRI images were similar between older adults with and without CLBP; there were no signifi cant differences among MRI and US CSA assessments for either group ( P > .05). Furthermore, 95% CIs for mean multifi dus CSA assessment using MRI and US are overlapping, as noted in Table 2 , indicating no difference in CSA assessments obtained via US when compared with MRI.
DISCUSSION
To our knowledge, this is the fi rst study to establish US as a valid alternative to MRI for L4 multifi di CSA assessment among older adults and those with low back pain. In addition, agreement of US with MRI is similar for older adults with and without CLBP. For assessment of L4 multifi di CSA, attaining and measuring 3 US images better approximates MRI, when compared with measurement of a single image. Nonetheless, using US in the geriatric population warrants consideration of age-related muscle changes that may affect interpretation of multifi di CSA.
Ultrasound has been shown to be valid for assessing morphology of several muscles in healthy, younger adults, 19 , 34-36 but limited work has been done in older adults and/or patient populations. 36 Similar to our results in older adults, Hides et al 19 found excellent validity for assessing lumbar multifi di CSA among younger adults without low back pain. Theoretically, because of compression with supine positioning during MRI, multifi di CSA may be artifi cially reduced with MRI. Our results and those of Hides and colleagues 19 demonstrate that despite positioning differences between MRI and US (ie, supine vs prone) similar multifi di CSA values can be obtained among individuals with and without low back pain. 
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Unlike the Hides et al study where a single MRI slice was taken at the L4 zygapophyseal joint, 19 we analyzed several slices at the region of interest. This decision was made due to inherent variability in multifi di CSA within a vertebral level. 19 Variability in multifi di CSA within a level may help explain why averaging CSA from 3 US images resulted in better agreements with MRI than obtaining CSA from a single US image. It is interesting that agreements for measurements of a single US image were better for older adults with CLBP when compared with controls without low back pain. Perhaps there is more variability of multifi di size across the vertebral level in those without low back pain or maybe increased intramuscular fat associated with CLBP (beyond that associated with aging) makes multifi di muscle border delineation easier rather than more diffi cult as originally hypothesized. Also note that ICC point estimates for the fi rst US image are lower than those of subsequent images among older adults without CLBP ( Table 3 ). Higher ICCs may be the result of improved US transducer accuracy with increased repetitions.
Niemelainen et al 37 reported L4/5 CSAs ranging from 9.2 to 10.4 cm 2 among younger adults (mean age: 49.8 ± 7.7 years) without low back pain. Our L4 multifi di CSAs among older adults are smaller. These fi ndings align with prior research demonstrating muscle CSA atrophy with increased age. 10 , 11 , 38 However, caution should be exercised when interpreting US-obtained multifi di CSA among older adults. Although US may be valid for assessing multifi di CSA, given that intramuscular fat is increased with both aging 39 and CLBP 11 , 23 and that US poorly delineates between fat and connective tissue surrounding the muscle, it is possible that US-obtained multifi di CSAs in older adults with and without CLBP are artifi cially infl ated. Functional CSAs (ie, total CSAs minus intramuscular fat) may actually be much lower. Thus, MRI may be the optimal imaging modality for assessing multifi di CSA among older adults with and without CLBP, particularly in research settings where the objective is to determine functional CSA.
If multifi di CSAs obtained with US contain intramuscular fat and muscle, is there any value of using US to obtain multifi di CSA? Hides et al 9 demonstrated shortterm improvements in US-obtained resting multifi dus CSA among younger patients with low back pain after 13 weeks of a trunk stabilization program. Hung and colleagues reported improvements in multifi di CSA contractions immediately after neuromuscular retraining. 40 Intramuscular fat is thought to be a long-term result of decreased physical activity, 41 , 42 reduced energy expenditure, 41 , 42 and poor diet. 43 , 44 Thus, multifi di CSA increases in the Hides et al study may be indicative of hypertrophy rather than changes in intramuscular fat, whereas those in the Huang et al study are likely the result of improved multifi di activation. These studies demonstrate how clinicians could use US-obtained multifi di CSA to document patient response to short-term clinical treatments. Multifi di CSA increases may be related to improved strength, endurance, and/or lifting capacity; these are areas for further research.
Study Limitations
Sample size, although comparable to a previous US validity study, 19 was limited due to the cost of MRI scans and the training required for MRI processing. Because US assessments were performed at a single level, (ie, L4), we are unable to say whether US is a valid alternative to MRI at adjacent spinal levels. Because of US screen limitations, we could not assess CSA of the adjacent erector spinae muscles (ie, longissimus and iliocostalis). Future US research using an extended-length transducer may demonstrate the ability to perform a more comprehensive CSA assessment of the posterior trunk muscles (ie, erector spinae and multifi di). This study was conducted by an experienced examiner with 1.5 years of US experience in the posterior trunk, specifi cally in older adults; whether US is valid among older adults when employed by a novice US examiner requires exploration. Utilizing novice US examiners in future validity studies could allow for generalizability of the results to physical therapists just beginning to use US in their clinical practice.
CONCLUSIONS
Clinicians may consider using US as an alternative to MRI for assessment of L4 multifi di CSA in both older adults with and without CLBP. However, it must be acknowledged that US-obtained CSAs contain both intramuscular fat and muscle. To best approximate MRI, it is recommended that examiners obtain and measure 3 US images. Future MRI studies may help to determine whether US-obtained multifidus CSA changes pre-to postintervention are secondary to increased muscle or reduced MRI-visible intramuscular fat. When compared with younger adults, it seems that L4 multifi di CSA is smaller among older individuals; confi rmation with a larger sample size is recommended.
